Introduction
The evaluation of alternative management information systems can aid systerns analysts determine appropriate information support for managers, aid managers to become informed participants in the system design process, and aid the planning of information systems in response to changes in the firm. Synthesizing microeconomic and contingency theories, this paper performs a cost analysis of two popular manufacturing information systems. The relative cost-effectiveness of these two systems is hypothesized and then validated using a random survey of manufacturing firms across the USA. A logistical regression of the data provides estimates of the relative information system cost-effectiveness in various manufacturing contexts. 
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'The American Production and Inventory Control
Society defines production and inventory management as 'The function of directing or regulating the orderly movcment of goods through the entire manufacturing cycle from the requisitioning of raw materials to the delivery of the finished product to meet the objectives of customer service. minimum inventory investment, and maximum manufacturing efficiency 1 MOOKE, F.C. ANLII ,1ENDKK'K, 'I.e. i 1'980). ProductionlOperutions Manugement, 8th edn. Homewood, Ill: Richard D. Irwin. 'AGGAKWAL, 5.~. (1985 A brief introduction to cost analysis and its integration with contingency theory is provided next (a more detailed description of cost analysis is provided by CooperlJ). This is followed by its application to the MRP versus Reorder-Point evaluation.
Introduction to cost analysis
Cost analysis is built upon microeconomic production theory. However, the focus is upon the production of decisions rather than physical units. This production can be modelled by linking the use of certain physical resources (computer software, managers, communications devices, etc.) to decisions.
As with physical production, a transformation of raw materials occurs. The raw material of decision production is information, transformed from its initial state (data) to its final state (decisions). compare a firm which produces one product to stock (say continuous production of a chair) with a firm which produces anything the customer orders (e.g., a metal-working job shop producing to customer specifications).
In the first instance. a relatively simple MIS (e.g., a 'two-bin' Reorder-Point system) and a relatively unsophisticated PIM decision-maker could provide decisions of adequate quality. However, if the same MIS and decision-maker were used in the second firm, they would be overwhelmed by its complexity, which would result in decisions leading to excessive production cost and unmet customer orders.
The above discussion focused on the effect of decision context changes upon decision quality. By holding decision quality constant, effects upon the decision-maker and MIS required by changes in the decision-context can be addressed. For example, in considering the second firm described above, what would it take to make good quality decisions (i.e., decisions which do not lead to excessive production cost and unmet customer orders) if the formal information system were limited to the simple two-bin Reorder-Point system? One strategy might be to hire staff personnel and a more sophisticated decision-maker to make up for the inadequacy of the MIS and the decision-maker. This new group would then spend time gathering data -such as machine availability and current product statusnot provided by the Reorder-Point system. The more sophisticated decision-maker would then use these data to help plan more efficient and effective production. A major consequence of this strategy would be increased cost: the more sophisticated decision-maker and the staff personnel would be more expensive than the unsophisticated decision-maker they replaced. This effect of decision context changes upon total decision-making cost is depicted in Figure 1 , where the horizontal axis represents the change from a relatively simple manufacturing environment (producing one type of chair to stock) to a relatively complex environment (a job shop producing to various customer specifications).
This example has illustrated an assumption of cost analysis. That is, the quality of decisions can generally be maintained in the face of This differing effect of context complexity upon decisionmaking cost for the two MISS is illustrated in Figure 2 . Note that MRP's initial cost is higher than that of Reorder-Point. This is due to the typically higher implementation and maintenance costs associated with MRP systems.
The cost curves which hold decision quality constant in Figure 2 of decision structure (sophistication) was examined, subsequent analysis will employ multiple specific decision-structure dimensions.
It was not the purpose of this section to argue that the cost-curve relationships in Figure 2 are correct. In fact, the analysis below will show that the illustrated relationships are nor correct. The reason they were used for discussion purposes is because they reflect popular opinion concerning MRP versus Reorder-Point effectiveness.
The next sections use the cost analysis methodology to hypothesize actual MRP versus Reorder-Point cost-curve relationships and then test these hypotheses.
MIS and emtextual dimensions
As applied to this alternative MIS evaluation, the cost analysis methodology consists of the following steps:
1. Identify the MIS dimensions on which the alternative MISS differ significantly.
In the above hypothetical example, the 'two-bin' Reorder-Point system and the MRP system differed in terms of two MIS dimensions:
MIS sophistication and MIS implementation and maintenance costs. 2. Identify the contextual dimensions which interact with the above MIS dimensions resulting in changes in decision-making cost. A dimension of context complexity was used above. 3. Develop hypotheses about alternative MIS cost-effectiveness based upon interactions between the above MIS dimensions and contextual dimensions.
The Reorder-Point system was hypothesized to be more cost-effective in less complex contexts and the MRP system was hypothesized to be more cost-effective in more complex contexts. 4. Gather empirical evidence to test the hypothesized effects. This was not illustrated above. 5. Draw conclusions concerning the cost-effectiveness of the alternative MIS. This was not illustrated above.
This section is devoted to the first two cost analysis steps. MIS dimensions and contextual dimensions appropriate for the analysis of MRP versus Reorder-Point systems are determined from the production literature.
The appropriateness of these dimensions is based on their effect upon the cost of decision-making.
This cost can be affected either directly via MIS implementation and maintenance costs, or indirectly via the impact upon decision quality. As illustrated above, the indirect effect occurs when changes in a contextual dimension impact the decision-making usefulness of an MIS dimension. In order to maintain a constant decision quality, this change in MIS usefulness must be offset by changes in the amount and type of other decision-making resources, which result in changes in decision-making expenses. For example, problem duration (the time available for the solution of a problem) 
Alternative MIS cost-effectiveness hypotheses
This section describes the third cost analysis step: the development of hypotheses about alternative MIS cost-effectiveness based upon interactions between MIS and contextual dimensions. There are two sub-steps which comprise this third step. Using earlier discussions which paired MIS dimensions with contextual dimensions, the first sub-step identifies the resulting decision cost-curve shapes. The second sub-step then develops hypotheses concerning the cost-effectiveness of the alternative MIS based upon these decision cost curves.
Decision cost-curve shapes representing the interaction of MIS model assumptions with the associated contextual dimension measures are relatively straightforward. As mentioned earlier, basic to this interaction is the notion that an MIS becomes less useful as the underlying assumptions of its model(s) become increasingly violated.
That is, a model is less useful if it assumes a reality different from that in which it is employed.
Given the cost analysis framework, this decrease in MIS usefulness can be offset by increasing expenditures on other decisionmaking resources, leading to cost curves similar to that in Figure 1 . For example, the Reorder-Point inventory item independence assumption is paired with the inventory item independence contextual dimension: the independence assumption is increasingly violated as the average number of bill-of-material levels increase.
With the average number of bill-of-material levels on the horizontal axis, and total decision-making cost on the vertical axis, the cost curve for Reorder-Point MIS is expected to rise (as in Figure 1) ; since no MRP assumption violation occurs along this axis, the cost curve for MRP MIS is not expected to be significantly affected. Deterministic finished goods requirements paired with the marketing strategy contextual dimension is an example of MRP assumption violation.
In this case, the marketing strategy is on the horizontal axis, and ranges from pure make-to-stock through various combinations of make-to-stock and make-to-order, and ends with pure make-to-order. The MRP assumption of deterministic finished goods requirements is increasingly violated along this horizontal axis. The result is a rising MRP cost curve similar to those illustrated in Figure 3 . Note that the Reorder-Point assumption of continuous inventory item usage is also violated along the marketing strategy dimension, but in an opposite manner. Thus, when the Reorder-Point cost curve is plotted in the same graph, it decreases from make-to-stock to make-to-order. This is illustrated in Figure 3 , where MRP is identified as more cost-effective in make-to-stock contexts and Reorder-Point is identified as more cost-effective in make-to-order contexts. The decision cost-curve shapes depicting the interaction of MIS implementation and maintenance costs with production process complexity are similar to that in Figure 1 for where rational bchaviour can be viewed as an artifact of competition -firms behaving irrationally will not last in the long runrather than a description of specific decision-making ability.'" A study of current manufacturing MIS use is thus undertaken. This study is described next.
A study of current manufacturing MIS use
If the above hypothcscs are correct, then rational managers will tend to employ MRP in continuous, make-to-stock contexts with products having a high number of bill-of-material levels, a low number of parts per bill-of-material level, and a low number of parts per finished good.
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This implies that managers who try MRP in other contexts will tend to AI <')II,, N, A. (1963 
The survey
Survey respondents consisted of a random sample of the American Production and Inventory Control Society members across the USA." A telephone interview approach was chosen to reduce confusion over terminology and to encourage a high response rate. Production managers and staff who wanted time to look data up were called back. The response rate was 97 per cent of contacted applicable members. Of the 100-member random sample, 36 were eliminated by logistical problems or because they failed to meet survey requirements (e.g., they were teachers rather than production managers or staff). Of the remaining members, only two refused to answer the survey. Hence, the results are based upon production managers and staff representing a random sample of 62 manufacturing facilities in the USA. Respondents were asked about their firm's manufacturing method, marketing strategy, average bill-of-material levels, etc. In addition. they were asked what kind of manufacturing MIS was used. If they were using MRP, they were also asked to rate the system using the classification scheme used by Anderson ef al." This scheme ranges from 'A' MRP, which is fully integrated into the production planning process, to 'D' MRP, in which the system exists mainly in data processing and is of little benefit to production managers. It should be noted that all firms included in the survey which were not using MRP were using a traditional Reorder-Point-based MIS.
The results
Data were coded in the following manner. Manufacturing method was coded 0 for continuous and 1 for intermittent. Manufacturing strategy was coded 0 for make-to-stock and 1 for make-to-order. The average number of bill-of-material levels, the average number of parts, etc. per bill-of-material level, and the average number of parts, etc. per finished good were all coded as dummy variables, with 0 for values less than their medians, and 1 for values greater than their medians. Median values for these variables are 4.5 bill-of-material levels, 6.5 parts per bill-ofmaterial level, and 24 parts per finished good. A small-engine assembly plant is an example of an MRP cost-effective context. The plant is characterized as continuous production to stock with an average of five bill-of-material levels (classified as high) and about five components per bill-of-material level (classified as low) and has a B MRP system. These cost-effective characterizations are based upon data depicting The findings of this study can be used by MIS designers (both users and analysts) to help develop appropriate manufacturing information systems. A designer would first identify where the firm stands in terms of the four contextual dimension measures. (The manufacturing method, marketing strategy, etc. are easily determined in most firms.) The most clear-cut cases are those that meet all of the MRP or Reorder-Point cost-effectiveness conditions. However, the logit model provides the following help in other cases. Although the model coefficients are not directly interpretable, as are linear regression coefficients, they can give information about relative impacts. For example, referring to Table 3, differences in manufacturing method or differences in parts per bill-of-material level are expected to have a more significant impact than differences in marketing strategy or bill-of-material levels. Thus, a firm which is characterized in terms of all MRP cost-effective contexts except marketing strategy would be more likely to support MRP than a firm characterized in terms of all MRP cost-effective contexts except manufacturing method.
These relationships are demonstrated in Figure 4 . Employing the logit model in Table 1 , this figure illustrates the probabilities of MRP use in various manufacturing contexts. For example, the small-engine assembly plant described above as continuous production to stock with high average bill-of-material levels and low components per bill-of-material level is depicted as having a 99 per cent chance of using MRP; the pump manufacturer characterized as intermittent production to order with low average bill-of-material levels and high components per bill-of-material level is depicted as having a 1 per cent chance of using MRP. Although illustrating probabilities of current MRP use, Figure 4 can be reinterpreted in light of the cost analysis hypotheses as probabilities of MRP cost-effectiveness.
These probabilities can thus be used by MIS designers to help evaluate the appropriateness of implementing MRP in contexts which are not clearly MRP cost-effective or cost-ineffective.
Another finding is of interest to information system designers. Manufacturing contexts did not seem to affect the transition from C MRP systems to A or B MRP systems. This may be due to a threshold effect, where specific contextual conditions must be met before MRP of any type is cost-effective.
After this threshold has been met, the effectiveness of MRP improvements may be contingent upon other factors, such as resistance to change, or management's lack of commitment to MRP, which were mentioned at the beginning of this paper.
In addition to aiding information system designers, information 
